INTRODUCTION
Pauter, P., Różańska, M., Wiza, P., Dworczak, S., Grobelna, N., Sarbak, P., Kowalczewski, P. Ł. (2018) . Effects of the replacement of wheat flour with cricket powder on the characteristics of muffins. Acta Sci. Pol. Technol. Aliment., 17(3), 227-233. http://dx.doi. org/10.17306/J. AFS.2018.0570 Muffins are often used as a matrix for the introduction of various nutrients, such as protein and antioxidants (Struck et al., 2016; Mildner-Szkudlarz et al., 2016; . The use of protein enrichment, on the one hand, reduces the sugar content of the product, but, on the other hand, it may also have a significant impact on its textural properties (Mariotti et al., 2009; Ronda et al., 2011) . Cricket powder may be used as a protein-rich additive. It should be pointed out that it is cheap and easy to produce, and is considered a good source of dietary protein (Megido et al., 2015) .
Insects have been consumed for a long time, especially in Africa, Latin America and Australia (Ramos--Elorduy, 1997) . Crickets are a valuable source of protein, unsaturated fatty acids, dietary fiber, vitamins and minerals (Ayieko et al., 2016; Megido et al., 2015) . Cricket powder obtained from these insects is characterized by high protein content (about 60-70%), a lack of carbohydrates, and high iron and calcium content (Ayieko et al., 2016) . In addition, it is a gluten-free raw material, so it can be also used for the production of food for people with celiac disease. A FAO report explicitly recommends the use of insects as a source of easily digestible protein, especially in the face of rapid population growth in the world and the growing difficulty of providing sufficient food (van Huis, 2013) . Some European countries have regulated the production of insect-based foods before, but from 1 st January 2018, insects, as well as their parts, were officially released for sale as a so-called "novel food". These products are subject to pre-market authorization before being made available for sale. Changes to the law in the EU regarding the admission of insects production for consumption have created new opportunities to use this source of protein (C/2017/8878).
The aim of this work was to evaluate the influence of cricket powder on the nutritional value, textural properties and consumer acceptance of muffins enriched with it.
MATERIALS AND METHODS

Materials
Wheat flour (type 500) was obtained from a commercial mill (GoodMills Polska Sp. z o.o., Poland). Rapeseed oil, powdered sugar, whole milk, baking powder and eggs were purchased from a local market.
The cricket powder (CP), bought from Crunchy Critters (United Kingdom), contained 56.8% protein, 29.3% fat, 5.5% carbohydrates and 2.3% fiber. All chemicals used were of analytical grade.
Muffins preparation
The muffin formulation contained the ingredients typically used for muffin preparation: 37.00% wheat flour, 11.10% rapeseed oil, 12.32% powdered sugar, 14.80% whole milk, 0.74% baking powder and 24.04% eggs. Control muffins (denoted as C in the text) were prepared without the addition of CP. For our study, CP was incorporated into the muffins at 2, 5 and 10% (w/w) by replacing an equivalent amount of wheat flour in the muffin mixture, and were labelled CPM1, CPM2 and CPM3 respectively. The ingredients were mixed with a KitchenAid (model 5KPM5EWH, KitchenAid, USA). The egg whites and sugar were beaten into a stiff foam and then the egg yolks, milk and rapeseed oil were added. Each of the four muffin formulations, consisting of refined white wheat flour and CP in different proportions, were added to the prepared dough and gently mixed. The dough (70 g) was placed into paper muffin cups and baked in a pre-heated oven (model condo, MIWE Michael Wenz GmbH, Germany) at 180°C for 15 min. The muffins were then cooled to room temperature and packed in polypropylene pouches.
Proximate composition analysis of muffins
Total nitrogen was determined by the Kjeldahl method, according to PN-EN ISO 20483 (N = 6.25) 
Color measurements
The color of the muffins was measured using a Chroma Meter CR-410 (Konica Minolta Sensing Inc., Tokyo, Japan). Differences in color were recorded in the CIE L*a*b* scale in terms of lightness (L*) and color Pauter, P., Różańska, M., Wiza, P., Dworczak, S., Grobelna, N., Sarbak, P., Kowalczewski, P. Ł. (2018) . Effects of the replacement of wheat flour with cricket powder on the characteristics of muffins. Acta Sci. Pol. Technol. Aliment., 17(3), 227-233. http://dx.doi. org/10.17306/J.AFS.2018.0570 www.food.actapol.net/ (a* -redness, b* -yellowness). Color measurement was repeated 15 times for each sample. Additionally, the total color difference (∆E) was calculated using the following formula:
Δb* Δa* ΔL* ΔE + + = where ΔL*, Δa* and Δb* are differences in the L*, a*, b* values between the reference sample and the test sample respectively.
Texture analysis
The texture profile analysis (TPA) of the obtained muffins was performed one day after baking according to method described by Mildner-Szkudlarz et al. (2016) with a slight modification. A TA.XTplus texture analyzer (Stable Micro System Co. Ltd., England) equipped with a 5 kg load cell and a cylindrical plunger probe of a 35 mm diameter was used. The measurement was performed at pre-test speed: 1.0 mm/s, and test speed: 1.7 mm/s and strain 40%. The muffins were cut into 25 mm thick slices (the top and bottom layers were discarded). Texture measurement was repeated 10 times for each sample. During the test, hardness, springiness, cohesiveness, chewiness and resilience were recorded.
Consumer study
Consumer acceptance analysis was based on a 9-point hedonic line scale (ranging from 1, "dislike very much", to 9, "like very much") according to Villanueva et al. (2000) . Forty untrained panelists aged between twenty and fifty-five, recruited on the campus of Poznań University of Life Sciences, were invited to participate in this study. Consumers were asked to evaluate the appearance, taste, flavor, texture and overall rating of the manufactured muffins.
Statistical analysis
All measurements were repeated three times, unless otherwise stated. One-way analysis of variance (ANOVA) was carried out independently for each dependent variable. Post-hoc Tukey HSD multiple comparison test was used to identify statistically homogeneous subsets at α = 0.05. Statistical analysis was performed with Statistica 13 software (Dell Software Inc., USA).
RESULTS AND DISCUSSION
Nutritional value
Crickets and cricket powder are a good source of nutritionally valuable compounds -proteins, lipids, and, especially, polyunsaturated fatty acids and minerals, such as calcium, iron, or zinc (Ayieko et al., 2016) . The substitution of wheat flour with cricket powder changed the nutritional value of the products, due to the high quality and digestibility of protein and the content of essential amino acids (Zielińska et al., 2015) . The protein content in muffins enriched with CP significantly increased (starting from the 5% addition level) with increasing percentage of CP in the product (Table 1) . In CPM3 muffins, an increase in protein content by ca. 5% was observed relative to the control sample. Global trends in food design favor increased protein content in low sugar products (Anderson et al., Ziobro et al. (2016) , the application of protein rich additives results in greater muffin volume and height because protein is prone to swelling and denaturation at increased temperatures, which helps to form a structure that holds gasses. Moreover, in order to increase the nutritional value of muffins made from wheat flour, soy or chickpea protein have been applied. The former has a high nutritional value (Reinwald et al., 2010) , the latter is characterized by high protein digestibility of 76-78% (Xu et al., 2014) . Muffins with soy protein have been found to be highly acceptable to consumers (Padhi et al., 2015) . However, allergies to soy are common. Protein from insects has not been found to be allergenic. Although the proportions of protein and carbohydrates changed, no influence was found on the energy value of the obtained muffins. Moreover, Van Huis (2013) reported that CP contains not only protein or fat, but also minerals. Nevertheless, no changes in fat and ash content in the muffins with CP were observed.
Color of muffins
The appearance and color of the product are the key parameters that determine desirability (D'Egidio and Pagani, 1997). Consumers usually perceive darker muffins as healthier and containing more fiber or whole grains. Purlis and Salvadori (2009) indicated that the color of crumb depends on the conditions of the technological process -caramelization and Maillard reactions may take place simultaneously, and both reactions depend on temperature, content of reducing sugars and amino groups. Ronda et al. (2005) proved that changes in the sugar content can also contribute to changes in the color of the products. The use of CP to enrich the muffins with protein caused significant changes in the color of the products (Table 2) . Maillard browning occurs when amino acids and reducing sugars are heated, for example during baking. Increased protein content may contribute to easier formation of Maillard reaction products (melanoidins), which are responsible for reducing the lightness of muffins (Michalska et al., 2008; Mildner-Szkudlarz et al., 2015) . The lightness (L*) of muffins is significantly reduced as the percentage of CP increases. Nevertheless, this trend was not noted in all muffin samples. In contrast, CPM1 were lighter than CPM2 and CPM3 muffins. As the color change cannot be analyzed just in terms of lightness, it should be noted that saturation of green and blue increased in all samples. The total color difference (ΔE > 7) value indicates a significant effect of CP addition on the color of muffins. Instrumental color measurement of color change was in accordance with the results of visual evaluation by consumers.
Texture properties
The results of textural property analysis ( Table 3) clearly indicate that the use of CP as an additive caused significant changes in the hardness of the obtained muffins. The addition of CP decreased the hardness of the obtained muffins from 42.99 ±2.31 N in C to 34.46 ±3.03, 32.27 ±1.72 and 27.73 ±0.85 N in CPM1, CPM2 and CPM3 respectively. Control muffins, with the strongest gluten network, were found to C, CPM1, CPM2 and CPM3 means muffins with cricket powder at 0%, 2%, 5% and 10% (w/w), respectively. Mean values in columns denoted by different letters differ statistically significantly (p < 0.05).
be the hardest. While the protein content in the muffins was increased by the addition of CP, the amount of gluten and starch decreased. According to Feili et al. (2013) , the hardness of bakery products depends mainly on the amylopectin and amylose contents of the product. With the increase in protein content and reduced starch content, a significant decrease in hardness is observed (Gómez et al., 2003; Martinez-Cervera et al., 2011) . Rodríguez-García et al. (2014) also reported that hardness is related to the total air cell volume and volume of crumb. As the size of the gas cell increases, the product has a softer crumb structure. Well-aerated and elastic muffins, with high values of springiness, are perceived as fresh and of high quality (Sanz et al., 2009) . Decreases in springiness and resilience were noted only in the case of muffins with 10% CP additive. Chewiness, which is primarily associated with the difficulty of chewing before swallowing, is an additional key texture parameter (Martínez-Cervera et al., 2012) . The value of chewiness significantly decreased as the percentage of CP addition increased. Moreover, no significant differences in cohesiveness were found between the control and the samples with added CP.
Consumer acceptance
High nutritional value and health-promoting properties must be accompanied by sensory attractiveness (Sun-Waterhouse and Wadhwa, 2013) to create a viable product. Taste, smell and appearance are some of the most important factors that influence a consumer's decision to purchase. Data presented in Figure 1 shows that the control muffins had the highest appearance rating, compared to all the enriched muffins.
The addition of CP caused changes in appearance and color that consumers perceived as unattractive. This suggests that the enriched muffins were possibly overly dark. However, the addition of CP increased the taste and texture scores. The CPM1 and CPM2 muffins had a significantly higher rating (7.6 and 7.5 for CPM1 and CPM2, respectively) for texture than the control (6.2), as well as for taste (7.1, 7.0, 6.9 and 6.2 for CPM1, CPM2, CPM3 and C respectively). The addition of CP, however, caused a noticeable "off" flavor which was negatively perceived by the consumers. Nevertheless, based on the results of the overall rating, it might be concluded that a 2% (w/w) substitution of wheat flour with CP would be acceptable to consumers. 
Fig. 1. Results of consumer acceptance analysis
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CONCLUSION
It was found that the addition of CP increased the content of protein and ash and decreased the carbohydrate content of the product. Despite the changes in the proportions of protein and carbohydrate, no effect on energy value was noted. Changes in textural properties were also observed. The hardness, springiness, chewiness and resilience of muffin crumb were significantly reduced as the percentage of CP increased. Enrichment with cricket powder caused a reduction in the lightness of muffins. Reductions in red and yellow color saturation were also observed. Nevertheless, the results of consumer acceptance tests indicate that muffins with a small amount of added CP were considered as attractive as conventional products, and, as a source of protein, could also be a solution to hunger-related problems and undernourishment.
